compared the evolutionary rates of isolate 2-9-3, S. marismortui and Virgibacillus proomi, a close relative of S. marismortui, and again found similar rates of evolution (Graur and Pupko 2001) . More recently, Nickle et al. (2002) also performed relative rate tests using 16S rDNA with the same result; the branch leading to isolate 2-9-3 is not extraordinarily short, as would be expected of an organism that has not been evolving for millions of years. Nickle et al. (2002) used evolutionary rates derived from enteric bacteria to argue that if isolate 2-9-3 has not been evolving for 250 Myr, then S. marismortui must itself have been evolving 5-10 times more slowly than did aphid endosymbionts on which the rate calculations were based. We note that although the evolutionary rates calculated from enterics and endosymbionts are the best estimates we currently possess, it is entirely likely that rates of sporeformer evolution may indeed be slower by several orders of magnitude. Sporeformers have been shown to remain in the metabolically dormant spore state, thus not replicating their DNA, for conservative estimates of anywhere from 10 2 to 10 4 years between times of growth (Kennedy, Reader, and Swierczynski 1994; Nicholson et al. 2000) .
As the analyses discussed above used 16S rDNA genes, the evolution of which may not be representative of the organism as a whole, we wanted to know if the similarities between isolate 2-9-3 and S. marismortui are seen with protein-coding genes as well as with 16S rDNA genes. We therefore analyzed phylogenetic relationships between strain 2-9-3 and S. marismortui, using the spore-forming bacteria as our comparison group. The rationale for this design was that the evolutionary rate among the sporeformers would more closely approximate that of 2-9-3. We used amino acid data from two genes, recA and splB. The recA gene is found throughout all bacteria, and its product is required for homologous recombination and DNA repair. Because of the functional constraints on recA evolution, it can be used to resolve the older evolutionary relationships. The splB gene, on the other hand, has to date only been reported in gram-positive spore-forming bacteria and is important in the repair of spore-specific DNA damage resulting from UV radiation during spore dormancy (Nicholson et al. 2000) . Because splB is only found in gram-positive spore-forming bacteria, it can be assumed to have a more recent origin than recA has and might be useful in resolving closer evolutionary relationships.
The results of our analyses are consistent with the phylogenetic relationships shown by Graur and Pupko (2001) and Nickle et al. (2002) . At the nucleotide level, isolate 2-9-3 and S. marismortui differed by two nucleotides out of the 404 recA nucleotides examined. Both of these substitutions are synonymous, making these two taxa identical at the amino acid level. The phylogenetic reconstruction (Swofford 1998 ) using amino acid sequences of recA (amino acids were used because of site saturation at the nucleotide level across distantly related taxa) places 2-9-3 and S. marismortui in a more recent clade, instead of their occupying a more basal position as one would predict if the clade had not been evolving for 250 Myr ( fig. 1) .
Similar results were obtained for splB ( fig. 2) . Out of the 619 nucleotides examined, only one synonymous substitution was observed between isolate 2-9-3 and S. marismortui, again making these two taxa identical at the amino acid level. Consistent with the recA data ( fig.  1) , the splB data also support the hypothesis that isolate 2-9-3 and S. marismortui diverged from each other more recently than their divergence from the other Bacillus species (fig. 2) .
We performed relative rates tests (Robinson et al. 1998) using amino acid data from both recA and splB. Salibacillus marismortui could not be used in testing for relative rates against isolate 2-9-3 because of their 100% identity at the amino acid level. We found similar rates of evolution comparing isolate 2-9-3 with S. salexigens, the closest relative of isolate 2-9-3 after S. marismortui, with either Clostridium acetobutylicum or B. subtilis as Letter to the Editor 1639 the outgroup (data not shown). Using nucleotide data from isolate 2-9-3, S. marismortui, B. subtilis, and B. cereus, we related the distance between 2-9-3 and S. marismortui to the distance between B. subtilis and B. cereus using the following logic. Because the substitutions between 2-9-3 and S. marismortui are all synonymous, they can be used to reflect the mutation rate. If three synonymous substitutions out of the 1,023 total nucleotides examined (1/619 from recA and 2/404 from splB), thus 0.2% divergence, are representative of the mutation rate since the divergence of 2-9-3 and S. marismortui 250 MYA, then the 121 synonymous substitutions (12% divergence) between B. subtilis and B. cereus would place their last common ancestor at 15 BYA, much longer than the age of the earth.
One could argue that isolate 2-9-3 and S. marismortui spores were both dormant for 250 Myr and, hence, were not evolving. This hypothesis is easily dismissed by looking at the branching patterns of the recA and splB trees. If 2-9-3 and S. marismortui were both dormant for 250 Myr, then all other taxa on the tree would have experienced even greater lengths of dormancy because they have more primitive ancestry. In other words, every taxon on the tree would have had to be metabolically and evolutionarily dormant for at least 250 Myr sometime in their past, a hypothesis which is impossible to test.
A recent review by Parkes, Cragg, and Wellsbury (2000) shows that generation times of some bacteria isolated from subseafloor sediments are of the order of thousands of centuries. If a generation time of 100,000 years is applicable to isolate 2-9-3 after it diverged from S. marismortui 250 MYA, then isolate 2-9-3 went through approximately 2,500 generations during that time. If, on average, there are 10 Ϫ8 mutations per site per generation, then this would give isolate 2-9-3 and S. marismortui 2.5 ϫ 10 Ϫ5 differences per site. The analysis reported here looked at 1,023 sites, and thus one would have expected to see 0.026 differences between isolate 2-9-3 and S. marismortui if they had generation times of the order of 100,000 years. By applying the same mutation rate, the observed 3/1,023 differences between isolate 2-9-3 and S. marismortui imply a mean generation time of 850 years, a rate similar to that found by Phelps et al. (1994) for subsurface bacteria. This analysis assumes that isolate 2-9-3 was able to grow inside the salt crystal and was not present as a dormant spore, a scenario which is extremely unlikely because the salt concentration inside brine inclusions is well above the upper limit of salinity at which isolate 2-9-3 can grow (Vreeland, Rosenzweig, and Powers 2000) .
The evidence presented here clearly indicates that isolate 2-9-3 should be considered a strain of S. marismortui under the established standards of 16S rRNA systematics, which state that isolates sharing Ͼ97% identity should be considered as the same species (Stackebrandt and Goebel 1994) . But does such a close relationship to modern bacteria mean that isolate 2-9-3 is itself modern? The answer to this question must be sought by resolving what appears to be an increasingly common paradox. We have a large set of rigorous geological and microbiological data which can be interpreted in favor of the antiquity of these organisms, and an equally large set of rigorously obtained molecular data which can be interpreted in favor of their modernity. As it stands, our present molecular work can neither confirm nor disprove the age of isolate 2-9-3.
